cation studies makes it difficult to conduct high quality studies. Because nursing programs are typically the most expensive undergraduate programs located in higher education settings, many nursing-related studies are conducted within single sites on small samples. If nursing educational researchers could improve their methodological rigor, funding agencies might be more likely to fund these studies. One strategy to improve rigor is to evaluate the use of a scientific quality instrument to assess nursing education research.
Improving Methodological Rigor via Evaluation
A number of medical researchers have published on the quality of medical education literature during the last five years. Reed, Price, et al. (2005) present a well-organized table comparing five previously published guides for appraising reports of medical education intervention studies. These include seven categories of variables and questions one might consider: purpose, rationale, objectives, design, interventions, evaluation, and educational significance. Cook, Beckman, and Bordage (2007) reviewed articles reporting experimental studies in medical education published in six wellrespected medical journals in [2003] [2004] . Of 185 articles meeting inclusion criteria, they randomly selected 110 for full review. Cook et al. found that the reporting of experimental studies in medical education was generally incomplete. For example, only 45 percent contained a literature review, 55 percent presented a theoretical framework, and 76 percent included a statement of study purpose. A mere 16 percent provided an explicit statement of study design. Lastly, only 47 percent of the studies operationally defined the independent variable(s), while only 32 percent operationally defined the dependent variable(s).
In an effort to evaluate the relationship between quality and funding, Reed et al. (2007) developed the Medical Education Research Study Quality Instrument (MERSQI) to measure the methodological quality of educational research. The MERSQI includes 10 items reflecting six domains of study quality: study design, sampling, type of data, validity, data analysis, and outcomes. As designed, it is not limited to intervention studies only, but is appropriate for all quantitative studies.
The development of the MERSQI and its testing for reliability and validity have been well described by Reed et al. (2007) . In brief, a literature review was conducted to elicit factors that reflect research quality. Items were defined and modified during repeated pilot testing using studies not included in the validation study. The MERSQI was then applied to 210 medical education research studies published in 13 peer-reviewed journals from 2002 to 2003. Principal components analysis was done to select items to be retained; Cronbach's alpha was 0.6, demonstrating internal consistency, intraclass correlation coefficients, and acceptable interrater (range 0.72-0.98) and intrarater (0.78-0.998) reliability.
Criterion validity for the MERSQI was demonstrated via the association with global assessment of methodological quality by two independent experts, a three-year citation rate, and impact factor of the publishing journal (Reed et al., 2007) . The MERSQI score was strongly and significantly correlated with the expert global quality rating, the three-year citation rate (0.8 increase in score per 10 citations), and journal impact factor (1.0 increase in score per six-unit increase in impact factor). The scores were also associated with the total previous medical education peer-reviewed publications by the first author (1.46 increase in MERSQI for each 20 publications). Of the 210 studies, 71 percent had no funding, 14 percent had less than $20,000 funding, and 15 percent had $20,000 or more. The MERSQI scores were also associated with study funding of $20,000 or more (1.29 increase in MERSQI for $20,000 or more in funding). The greater the funding level, the more likely the study was multiinstitutional and/or used a two-group randomized controlled design.
More recently, Reed et al. (2008) showed that MERSQI scores predict editorial decisions, at least among those manuscripts submitted for publication in the annual medical education issue of the Journal of General Internal Medicine. Of 100 manuscripts, the total MERSQI was 9.6 ± 2.6 (range 5 to 15.5). Papers with one point higher total MERSQI scores (e.g., score of 10.0 versus 9.0) were associated with editorial decisions to: a) send manuscripts for peer review versus reject without review, b) invite revisions after review versus reject after review, and c) accept rather than reject the manuscript. MERSQI scores of accepted manuscripts were significantly higher than scores of rejected manuscripts (10.7 ± 2.5 versus 9.0 ± 2.4, p = 0.003). In summary, the MERSQI score was associated with: a) expert quality ratings, b) three-year citation rate, c) journal impact factor, d) number of previous medical education peerreviewed publications by the first author, e) amount of study funding, and f) editorial decisions.
While the MERSQI was found to be a reliable and valid instrument for measuring methodological quality in medical education research, methodological quality in nursing education research has not been as rigorously evaluated. To evaluate the methodological quality of nursing education research and ensure a solid evidence base for nursing education, the authors examined the relationships between MERSQI scores and h Index, citation counts, and journal impact factor. The relationships between the MERSQI and the funding sources of the studies and the country of data collection were also examined.
Method DES IGN The cross-sectional design of this study was chosen so that methodological quality and scientific impact of recent nursing education research reports could be evaluated. Because this study was a review of published literature, it did not involve human subjects. Therefore, upon review, the University of Nevada, Las Vegas Institutional Review Board for the Protection of Human Subjects deemed the study excluded from review. SAMPLE The time period July 2006 to December 2007 was selected so that recent reports could be evaluated and a two-year postpublication citation rate per report could be determined. A minimum of 100 peer-reviewed reports meeting established inclusion criteria were evaluated; this sample size was selected based on the work of others in this area Reed, Beckman, & Wright, 2009) .
Article inclusion criteria were as follows: a) available in English; b) included original quantitative research (used descriptive statistics to present all or a portion of findings or inferential statistics to analyze all or a portion of results); c) focused on nursing students as subjects; and d) featured a descriptive, experimental, quasi-experimental, or observational (including case-control, cohort, cross-sectional) design. Article exclusion criteria were: a) solely qualitative research, b) meta-analysis, c) systematic review, or d) literature review. INSTRUMENT The instrument selected for the study, the Medical Education Research Study Quality Instrument (MERSQI), measures the methodological quality of a published educational research report. To the researchers' knowledge, the proposed study is the first to assess nursing education research reports using the MERSQI; its reliability, validity, and items are described above.
MERSQI domains and items within each domain of the instrument are shown in Table 1 . Each item within a domain is assigned a value; the maximum of each domain score is 3, producing a maximum possible score of 18 and potential range of 5 to 18. Total scores were calculated as the percentage of total achievable points to account for "not applicable" (NA) responses. For example, the response rate of retrospective studies of student records was deemed NA; validity of evaluation instruments was deemed NA when the instruments used were physiological in nature. If the evaluation consisted of a standardized test such as the NCLEX-RN ® or course grades, validity measures were considered present, even if no information was provided about validity by the authors. VARIABLES The main variable was the methodological quality of published research reports. Two variables addressed the impact of the research reports: citation count and journal impact factor. In addition, study funding and country of data collection were explored for their association with methodological quality.
Citation Counts To the researchers' knowledge, this study is the first to address the scientific impact of nursing education research reports by examining citation rate. Because of this novel approach, the research team librarian obtained citation counts 36 months post-publication via three available databases: Web of Science, Scopus, and Google Scholar.
The Web of Science database, with backfiles to 1900, has traditionally been used to measure the impact of journal articles. Web of Science, the online version of Science Citation Index, Social Sciences Citation Index, and Arts and Humanities Citation Index, is arguably the leading database for providing this information in science and medical literature and includes more than 12,000 journals.
Scopus, a newer database, indexes more journals than Web of Science; it includes approximately 18,000 peer-reviewed journals with most of its content dating from 1996 to the present.
Increasingly, researchers are using Google Scholar, not only to locate research reports, but also for citation rates. Although there are flaws in its citation count, including a problem with duplicate records, Google Scholar indexes most current peer-reviewed journals and other open-access materials. Therefore, it includes more journals than either Web of Science or Scopus and may yield higher citation rates for nursing education research reports than the two other databases. Google Scholar also differs from the others in that its citation count indicates the number of unique online sources that currently cite the article, providing a real-time citation count rather than a history of citation as with Scopus or Web of Science.
Journal Impact Factor Using journal impact factor to assess the scientific impact of nursing education research reports is also a novel approach. Journal impact factor for each research report was gathered from Journal Citation Reports. For the 2006 and 2007 articles, 2008 and 2009 data were used, respectively. A two-year time frame was selected to allow sufficient time for citation. The research assistant located the journal impact factor and entered the value directly into a designated Microsoft Excel spreadsheet. Studies without reported impact factors were excluded from this analysis.
h Index The relationship between the h Index of first authors and methodological quality of the corresponding studies was examined; one might expect studies with higher MERSQI scores to be conducted by authors with a higher h Index. This index, a measure of an author's scientific productivity and scientific impact, was developed by Hirsch (2005) . An author has index h if h of his or her number of papers have at least h citations each and the other papers have fewer than h citations each (Hirsch) .
The h Index is easily found in the Scopus and Web of Science databases or can be calculated manually. This study used the h Index from Scopus, which is available for papers published since 1995. In essence, all of an author's papers are listed in decreasing order of the number of citations for that paper, and each paper is given a rank in ascending order of the number of citations. The h Index is equal to the article rank at the point where article rank equals the number of citations. Thus, an author with a long publication record would tend to have a higher h Index.
Other Factors The two other factors examined for their association with methodological quality were the country in which data November / December Vo l . 3 2 N o . 6 3 6 5 Ta bl e 1 . M e d i c a l E d u c a t i o n R e s e a rc h S t u d y Q u a l i t y I n s t r u m e n were collected and funding source. Funding source was designated as: a) internal funding, b) external funding, c) internal and external funding, or d) not stated. PROCEDURE The librarian searched the CINAHL database for articles that involved nursing students as subjects and were published in the second half of 2006 through 2007. The search was done by using the CINAHL heading "students, nursing," and limiting the results to publication type "research" and "peerreviewed" journals. Ulrich's Periodicals Directory was checked to verify that the journals are refereed. In cases where the directory did not have that information, the journal web pages were checked to confirm that research articles were subject to peer review.
t ( M E R S Q I )
The librarian then reviewed the abstracts and eliminated reports that met the exclusion criteria. Those reports meeting the inclusion criteria were distributed to the four nursing members of the research team. If the librarian was unsure if a report met the inclusion criteria, she conferred with the principal investigator, who made the determination.
Four nurse faculty members of the research team read and scored the reports using the MERSQI. Initially, all four faculty and the MERSQI consultant, Dr. Darcy Reed, evaluated four articles. Once the scoring guidelines were understood and agreed upon, the rest of the reports were divided into two alphabetical sets (A-M and N-Z). Each set was scored by two nursing faculty; if they differed on scores, the final score was derived by consensus. The research assistant entered the MERSQI scores into a spreadsheet, and two faculty scorers checked every tenth article for accuracy.
DATA ANALYSIS Data were analyzed using the Statistical Program for the Social Sciences (SPSS version 17.0) software. Alpha was set at .05. Descriptive analyses were followed by correlational analyses and comparisons of means to test the following null hypotheses: 1. There is no association between MERSQI score and citation rate(s); 2. There is no association between MERSQI score and h Index; 3. There is no association between MERSQI score and journal impact factor. In addition, ANOVA was used to compare MERSQI scores by funding category. Lastly, Student's ttest was used to compare studies done within and outside the United States. All data are expressed as means ± SD.
Results REPORT DEMOGRAPHICS One hundred thirty-three articles, published between July 1, 2006 and December 31, 2007, met the inclusion criteria. Of these articles, 58 (43.6 percent) were conducted in North and South America (United States, 50; Canada, 4; Brazil, 3; Mexico, 1); 33 (24.8 percent) in Europe (United Kingdom, 27 [20.3 percent of total]); 17 (12.8 percent) in Australia/New Zealand; 14 (10.5 percent) in Asia; 10 (7.5 percent) in the Middle East; and 1 (0.8 percent) in Africa. Of these studies, 119 (89.5 percent) studied undergraduate nursing students, 10 (7.5 percent) studied graduate nursing students, and 4 (3 percent) did not identify the level of the students. Twenty-four reports (18.0 percent) also included other health professional students.
MERSQI SCORE The MERSQI score for the 133 studies was 9.8 ± 2.2 (range 6.0 to 14.5). Table 1 shows the breakdown in item scoring. The majority (55.6 percent) of studies were cross-sectional in design or posttest only and involved only one institution. Most studies (71.4 percent) had high response rates (> 50 percent), but involved self-report by participants (64.7 percent), rather than objective data (35.3 percent). The validity of the instruments used, internal structure, content validity, and relationships to other variables, was not generally reported (52.1, 64.5, and 83.5 percent, respectively). Statistical analyses were appropriate (94.7 percent) and the majority (68.4 percent) included inferential procedures. Most of the study outcomes were related to student satisfaction and attitude (63.1 percent) or knowledge/skills (30.1 percent); very few outcomes were behavioral in nature (5.3 percent) or related to patient outcomes (1.5 percent). Cronbach's alpha for the overall MERSQI was .547. Table 2 shows the citation counts and h Index. As expected, the Google Scholar citation count was higher than the Scopus count, which was higher than that from Web of Science; all three citation measures were strongly correlated with one another. The MERSQI score correlated significantly, but weakly, with citation counts from Scopus and Google Scholar. The MERSQI score was not significantly associated with the Web of Science citation count, nor with the h Index of the first author. However the first author's h Index was significantly correlated with the Web of Science citation count.
M E R S Q I S C O R E A N D C I TAT I O N C O U N T S A N D h I N D E X
MERS QI S CORE AND JOURNAL IMPACT FACTOR Of the 133 articles, 78 (59 percent) were published in journals with an impact factor (0.996 ± .488, range 0.171 to 2.696). There was a small (r = .216) but significant correlation (p = .029) between the MERSQI score of reports published in these journals and their impact factors. Articles published in journals with an impact factor had significantly higher MERSQI scores than those published in journals without impact factors (F(1, 131) = 4.75, p = .031), with mean MERSQI scores of 10.1 ± 2.1 and 9.3 ± 2.3, respectively.
MERS QI S CORE AND FUNDING AND COUNTRY Most (n = 99, 74.4 percent) of these studies made no mention of funding; 15 (11.3 percent) had received internal funding; 18 (13.5 percent) had received external funding; and 1 (.8 percent) had received both internal and external funding. MERSQI scores for those studies with no funding reported were 9.7 ± 2.2; those with internal fund- 
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ing were 9.5 ± 2.2; and those with external funding were 10.5 ± 2.1 (these were not statistically different). Studies conducted in the United States had significantly higher MERSQI scores (10.3 ± 2.5 vs. 9.5 ± 1.9, F(1,131), p = .027), with these studies scoring significantly more points for design (x 2 = 9.437, p = .024) and validity of instruments (x 2 = 10.820, p = .013).
Discussion This study was the first investigation to evaluate the methodological quality of nursing education research reports using an instrument designed specifically for (medical) educational reports. The major findings of the current study were that nursing education research reports scored 9.8 ± 2.2 on the MERSQI and their MERSQI score correlated with citation counts in Scopus and Google Scholar as well as journal impact factor, but was not associated with Web of Science citation count or the first authors' h Index. Reed and colleagues (2007) reported a Cronbach's alpha of .6 for the medical education literature in contrast to the current study's finding of .547 for the nursing education literature, suggesting that this tool is indeed reliable across these two professions. The MER-SQI score of the nursing education research reports was 0.17 points lower than that reported for the medical literature (Reed et al.) . This difference may be due to the method used to select articles for review. Reed and colleagues selected articles, published between September 2002 and December 2003, from widely cited (wellknown) medical journals, including JAMA, New England Journal of Medicine, Academic Medicine, Medical Education, Teaching and Learning in Medicine, Medical Teacher, and seven journals representing core medical specialty areas. The nursing MERSQI mean was also 0.9 points lower than the manuscripts accepted for publication in the Journal of General Internal Medicine (Reed et al., 2008) . This difference is not unexpected; this journal had a 2009 impact factor of 2.65, in contrast to the mean of 0.996 for this study's 78 journals with an impact factor. Because this study was the first nursing education research investigation to use the MERSQI, all articles indexed in CINAHL were selected to ensure inclusiveness.
Comparison of the distribution of data for the individual items comprising the MERSQI (Table 1) with those reported by Reed et al. (2007) showed surprisingly similar trends within each domain. For example, Reed et al. reported the design distribution of their articles as follows: single-group cross-sectional or posttest, 66.7 percent; pretest and posttest, 15.7 percent; nonrandomized two or more groups, 14.8 percent; and randomized control trial, 2.8 percent. Therefore, despite the 0.17-point difference in MERSQI scores between the medical and nursing reports, the methodological quality is similar and extends Reed's medical educational research finding to health-related educational research.
Regarding the current study's hypotheses, the MERSQI scores of this study's reports correlated with Scopus and Google Scholar citation counts, but not the citation count from Web of Science, rejecting null hypothesis No. 1. If one assumes that articles of higher scientific quality are cited more frequently, these findings suggest that the MERSQI is indeed a valid instrument to evaluate scientific quality of nursing education literature. Null hypothesis No. 3 was also rejected because the MERSQI score was weakly correlated for the journals that have been appraised for impact factor. The low correlation may be related to the small range of the MERSQI scores and impact factors.
In addition, this study is the first investigation using the MERSQI to examine the relation between the MERSQI score and h Index (null hypothesis No. 2). The hypothesis was accepted, indicating a lack of an association. The h Index for this group of authors was relatively low, with 42 percent having an h Index of 2 or less. This result suggests that many authors may be new to publishing or do not publish extensively. To advance the science of nursing education, nursing needs to develop and fund nurse researchers to support their programs of research in this area.
Reed and her colleagues (2007) examined categories of funding amounts: $0, $1 to $19,999, and more than $20,000. Funding of $20,000 or more was associated with a 1.29-point increase in the MERSQI score; in contrast, the MERSQI score did not differ by the current study's funding categories of a) unfunded or b) funded by internal or external souses. The investigations reviewed in the current study are very likely to have been funded at very low levels, accounting for this difference in findings.
The distribution of scores in all domains suggests that the methodological quality of nursing (and medical) education articles can be increased by a number of strategies. First, objective measures of outcomes need to be used. Instruments used should have internal and content validity and correlate with other instruments designed to measure similar or related concepts. This science must be advanced from the measurement of attitudes and knowledge to the measurement of behaviors and patient outcomes. Finally, more complex experimental designs should be used. To increase the generalizability of the findings, more collaborative research across universities throughout the world needs to be done.
Regarding collaborations, this study showed a difference in methodological quality between studies conducted within and outside the United States. This finding may be related to the education and experience of nurse researchers in the United States. In their review of the nursing education research literature from 1991 to 2000, Yonge et al. (2005) found that most (58 percent) of the quantitative, qualitative, or mixed-methods research originated in North America; 83 percent of these were generated in the United States and 17 percent were generated in Canada. This predominance of North American or US studies is similar to the current study's findings. However, higher percentages in studies conducted in Australia/New Zealand (12.8 vs. 6.7 [New Zealand not reported]), Asia (10.5 vs. 2.8), and the Middle East (7.5 vs. not reported) were observed in the current investigation (total 9.5 percent vs. 30.8 percent), suggesting that quantitative nursing education research studies are increasing outside the United States. This rise represents an exciting opportunity to explore the development of studies that involve collaborations across continents and address global nursing education issues.
Limitations of the Study
This study is the first of its kind in nursing education literature. As such, it was limited to evaluation of quantitative research articles published three years ago within an 18-month time period. A wide diversity of journals indexed in CINAHL was included, but qualitative research was not considered. Had the focus been on the premier nursing journals, this study's findings might be very different. In this study, Cronbach's alpha for the MERSQI was low (.547, compared to the .60 reported for the medical literature, Reed et al., 2007) ; ideally a new instrument should show a Cronbach's alpha of .70. Although MERSQI scores of reports in journals with an impact factor were higher than those reports from journals without an impact factor, the difference was not statistically significant. Research published today may have greater methodological rigor than the sample used in this study.
Conclusion
This evaluation suggests that the MERSQI is applicable to the assessment of nursing education research reports. The use of the MERSQI is likely to improve the quality of nursing education research by: a) providing a guideline for nursing education researchers as they develop their studies; b) providing a template for the preparation of nursing education research reports; c) providing a template for the evaluation of research reports; d) allowing for the evaluation of the quality of nursing education research reports across journals, countries of origin, years of publication, and funding levels; and e) providing justification for increased funding for nursing education research.
